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e Everything is old and has been shown more than once.

e T his is mainly the idea, little has been really done
(to my best knowledge).




T he idea of a correlation matrix
When Oy # Op:

_ ’@1;,\ O Near Far

Decay pipe

e T he same parent pion beam strongly correlates the Near and Far spectra, but
EFar # ENear-

e Each neutrino observed in the near detector = expected certain flux of neutrinos
in the far detector, with P(Epur, Encar) 7 0(Enear):

dNF _ dNN
dEFZ: - IP(EFaraENear) sz;ﬂ dENeqr-

o P(Eryr, Encar) determined primarily by beamline geometry (and location of the far
detector).
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The idea of a correlation matrix II

How to get P(EFaraENea'r)

e Every decaying pion is assigned to weights: wyeor/rar = Wrear/Far(Er, O, 2,7),
defined as the fraction of all decays with a neutrino ending up in the near/far
detector.

e Neutrino energies Ey.q./Fqr are unambiguously given by Er, ©x, z,r, assuming point-
like detectors (good approximation for NuMI).

e For a given pion decay, every neutrino with Eneqr IMplies wgq, /wneqr NEUtrinos with
EFar-

e For a non-trivial, known, pion decay distribution ®,(E;, O, z,7):

— ffff P WEqr dEr dOr dz dr
P(EFGT, ENear) o ffff P WNear dEx dOx dz dr

with integration over all phase space vielding Eneq and Ep,- in the numerator, and
Enear 1N the denominator.
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The idea of a correlation matrix

e Far spectrum prediction
in finite energy bins:

P(EFara ENear) — M(Nbins X
sz'ns)-

— —
NFar =M - NNear

M - Near-to-far correlation
matrix, constructed from
correlated (ENears Erar)
pairs; in general non-
diagonal.
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Off-axis experiment

e Hadron production
related uncertainties
in evaluating the in-
trinsic . component
of the beam are min-
imized by using v,
information from the
on-axis near detector.

e In the same pion
beam, the number
of intrinsic v, is
strongly correlated
to the number of v,
measured in the near
detector.
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Off-axis experiment - v, background II

e Optimization of the prediction is done by appropriately choosing the energy range
of v,, such that they come from as much as possible from the same pions as the v,
in the signal region.

e A simple ratio of events (v, Far Off-axis)/(v, Near On-axis), both integrated
within 1 < E, < 3 GeV, is constant within ~6% (for LE and assuming pion decays

only).

e For the ME option, a similar result may be obtained by looking at the number of
v, Near On-axis within 3-8 GeV.

e Kaon decays contribute less than 10% to v, in the near detector in this energy
region, therefore correlations may decrease by 10% — 6% may become 6.6%. Other
contributions are negligible.

e Improvements possible: next page.
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Off-axis experiment - v background III

1. In an analogous way to the Near-to-Far correlation matrix for v,'s, a Near-v,-
to-far-v, correlation matrix can be computed — possibly a more accurate v,
prediction than from a simple ratio,

2. Can also correlate far-v, to near-r,. These are more strongly correlated, as
coming from the same muon decays. Both methods may be a valuable cross
check of each other.

If so simple, why not done yet?

e Standard GNuMI ntuples (produced by J.Hylen and G.Unel) contain a record of
only one neutrino type per event — v,, v, and v, events are not correlated!

e Need to change the standard GNuMI ntuple format such that all neutrinos in
an event are recorded (if more than one), in order to compute the appropriate
correlation matrices. Then, generation of a huge statistics is required and creation
of new ntuples.
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